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ABSTRACT 

The t r a c k i n g  coverage f o r  each  of  n i n e t e e n  MSFN 
s t a t i o n s  f o r  t h e  f i r s t  f o u r  r e v o l u t i o n s  o f  a s p a c e c r a f t  i n  
e a r t h  p a r k i n g  o r b i t  was o b t a i n e d  f o r  e l e v e n  l aunch  az imuths  
from 72" t o  108". The p o i n t s  where t r a n s l u n a r  i n j e c t i o n  
m i g h t  o c c u r  ( b o t h  A t l a n t i c  and P a c i f i c  o p p o r t u n i t i e s )  on each  
r e v o l u t i o n  were o b t a i n e d  f o r  l u n a r  days t h r e e  th rough  t e n .  
The n a v i g a t i o n  da ta  r e q u i r e d  f o r  t r a n s l u n a r  i n j e c t i o n  was 
e x p r e s s e d  i n  a s e t  of  c o n t r a i n t s  and t h e  a c c e p t a b l e  launch  
az imuth - luna r  day combinat ions e s t a b l i s h e d  f o r  i n j e c t i o n  on 
t h e  second and t h i r d  r e v o l u t i o n s  of  t h e  p a r k i n g  o r b i t .  

On t h e  bas i s  of  t h e  m i s s i o n  c o n s t r a i n t s  s t a t e d  i n  
t h i s  memorandum, t h e  MSFN w i l l  p r o v i d e  adequa te  n a v i g a t i o n  
s u p p o r t  f o r  i n j e c t i o n  on t h e  t h i r d  r e v o l u t i o n  P a c i f i c  oppor- 
t u n i t y  for a l l  l aunch  az imuths .  The t h i r d  r e v o l u t i o n  A t l a n t i c  
o p p o r t u n i t y  r e c e i v e s  adequa te  n a v i g a t i o n  s u p p o r t  f o r  a l l  launch  
az imuths  e x c e p t  72" and 108". Though n o t  r e q u i r e d  by m i s s i o n  
r u l e s ,  a n a v i g a t i o n  upda te  can be p r o v i d e d  f o r  many l aunch  
az imuth - luna r  d a y  combinat ions for i n j e c t i o n  a t  a second 
P a c i f i c  o p p o r t u n i t y ;  v e r y  poor n a v i g a t i o n  s u p p o r t  i s  p rov ided  
f o r  i n j e c t i o n  a t  a second A t l a n t i c  o p p o r t u n i t y .  
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I .  I N T R O D U C T I O N  

The c a p a b i l i t y  o f  t he  MSFN t o  p r o v i d e  n a v i g a t i o n  
s u p p o r t  t o  a s p a c e c r a f t  i n  a 1 0 0  n a u t i c a l  m i l e  e a r t h  p a r k i n g  
o r b i t  (EPO)  was s t u d i e d .  I n t e r e s t  c e n t e r e d  upon t h e  amount 
of  and t i m e  when t h e  t r a c k i n g  data  becomes a v a i l a b l e .  An 
assumed s e t  o f  m i s s i o n  c o n s t r a i n t s  are  proposed  and t h e  
t r a c k i n g  data  a v a i l a b l e  to suppor t  a n a v i g a t i o n  upda te  i s  
i n v e s t i g a t e d .  A method f o r  p r e s e n t a t i o n  of  t h i s  da ta  i s  
i l l u s t r a t e d .  

11. DISCUSSION 

Nine teen  MSFN s t a t i o n s ,  i n c l u d i n g  b o t h  C-Band and 
USB equipped  s i t e s ,  were s e l e c t e d  f o r  t h i s  s t u d y . *  A 1 0 0  
n a u t i c a l  m i l e  c i r c u l a r  o r b i t  was assumed and t h e  Track ing  
A n a l y s i s  Program was employed . t o  de t e rmine  t h e  e l a p s e d  t i m e  
from E a r t h  P a r k i n g  O r b i t  I n s e r t i o n  ( E P O I )  t o  i n i t i a l  v i s i b i l -  
i t y  of  t h e  s p a c e c r a f t  a t  each s t a t i o n  and t h e  t i m e  of  t h e  
subsequen t  t r a c k i n g  a r c .  T h i s  data was de termined  f o r  t h e  
i n i t i a l  f o u r  r e v o l u t i o n s  fo l lowing  EPOI f o r  each  of  e l e v e n  
l aunch  az imuths  r a n g i n g  from 72' to 108O from Kennedy Space- 
c r a f t  C e n t e r .  Note t ha t  s p a c e c r a f t  v i s i b i l i t y  from t h e  
t r a c k i n g  s i t e  was assumed for a l l  e l e v a t i o n s  above 5 d e g r e e s  
i r r e s p e c t i v e  of azimuth from t h e  t r a c k i n g  s t a t i o n .  T h i s  data  
i s  l i s t e d  i n  Appendix A i n  t a b u l a r  form.  F i g u r e s  1 t h r o u g h  
11 are  p l o t s  of t h i s  da t a  f o r  each  launch  az imuth .  

I n  o r d e r  t o  o b t a i n  a composi te  p r e s e n t a t i o n  o f  t h e  
t r a c k i n g  coverage  o b t a i n e d  for a l l  t h e  l aunch  az imuths  s t u d i e d ,  
t h e  t r a c k i n g  data  was p l o t t e d  i n  F i g u r e  1 2  f o r  C-Band data and 
F i g u r e  1 3  f o r  t he  USB da ta .  Smooth cu rves  were f i t t e d  t o  t h e  
end  p o i n t s  o f  each  s t a t i o n s  data a r c  t o  i n d i c a t e  enve lopes  o f  
t r a c k i n g  coverage  a c r o s s  the  r a n g e  of  l aunch  az imuths .  Where 
o v e r l a p p i n g  coverage  from s e v e r a l  s t a t i o n s  o c c u r s  (as  o v e r  
t h e  E a s t e r n  T e s t  Range) a composite envelope  was drawn t o  a v o i d  

*The n i n e t e e n  s t a t i o n s  s e l e c t e d  were t h o s e  l i s t e d  i n  
"Support  Requirements  Reference Handbook f o r  t h e  Apollo 
S a t u r n  IB /Sa tu rn  V - Programs." (Revised  J u l y ,  1 9 6 6 )  
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t h e  need t o  code coverage  o f  i n d i v i d u a l  s t a t i o n s .  These two 
f i g u r e s  p r o v i d e  a summary o f  t h e  t r a c k i n g  da t a  a v a i l a b l e  from 
t h e  MSFN f o r  t h e  f i r s t  f o u r  e a r t h - p a r k i n g  o r b i t s  f o r  launch  
az imuths  between 72' and 1080 .  

111. ANALYSIS 

Use of th i s  d a t a  t o  estimate t h e  MSFN n a v i g a t i o n  
s u p p o r t  c a p a b i l i t y  can  be i l l u s t r a t e d  b y  a n a l y s i s  o f  one phase 
o f  a Lunar mis s ion ;  s p e c i f i c a l l y ,  c o n s i d e r  t h e  ea r th  p a r k i n g  
o r b i t  phase e x t e n d i n g  from E a r t h  Pa rk ing  O r b i t  I n s e r t i o n  ( E P O I )  
t o  T r a n s l u n a r  I n j e c t i o n  ( T L I ) .  The o b j e c t i v e  i s  t o  e s t a b l i s h  
t h e  q u a n t i t y  and t i m e  h i s t o r y  of t h e  t r a c k i n g  data a v a i l a b l e  
from which a n a v i g a t i o n  update  f o r  t h e  TLI maneuver may be  
c a l c u l a t e d .  

The i n i t i a l  s t e p  o f  t h i s  a n a l y s i s  was t o  r e l a t e  
t h e  t i m e  T L I  o c c u r s  t o  t h e  t r a c k i n g  da ta .  Based upon t h e  
approx ima t ion  t h a t  t r a n s l u n a r  i n j e c t i o n  o c c u r s  on t h e  p a r k i n g  
o r b i t  ground t r a c k  22  deg rees  down range  from the  p e r i c y n t h i o n  
n a d i r ,  t h e  times f o r  i n s e r t i o n  i n t o  p a r k i n g  o r b i t  t o  T L I  were 
de te rmined  (References  1 and 2 ) .  One A t l a n t i c  and one P a c i f i c  
T L I  o p p o r t u n i t y  e x i s t  i n  each  r e v o l u t i o n  o f  t h e  p a r k i n g  o r b i t .  
The two o p p o r t u n i t i e s  i n  t h e  f i rs t  r e v o l u t i o n  f o l l o w i n g  launch  
are  n o t  c o n s i d e r e d ;  c o n s i d e r i n g  an  e i g h t y  minute  minimum S I V B  
eng ine  res tar t  t i m e ,  a l l  f i r s t  A t l a n t i c  i n j e c t i o n  o p p o r t u n i t i e s  
are l o s t  as are  a l l  b u t  c e r t a i n  f i n a l  f i r s t  P a c i f i c  opportun-  
i t i e s .  The T L I  t imes f o r  s e l e c t e d  l u n a r  days f o r  t h e  second 
and t h i r d  A t l a n t i c  and t h e  second and t h i r d  P a c i f i c  opportun-  
i t i e s  ( c o r r e s p o n d i n g  t o  i n j e c t i o n  on t h e  second and t h i r d  
r e v o l u t i o n s )  are p l o t t e d  i n  F i g u r e s  1 2  and 1 3 .  The t h i r d ,  
f i f t h ,  s e v e n t h  and t e n t h  l u n a r  d a y s  were p l o t t e d ;  approximate  
T L I  t imes f o r  i n t e r v e n i n g  days  can be  i n t e r p o l a t e d  from t h e  
f i g u r e s .  

r e l a t i o n s h i p  of t h a t  d a t a  t o  t h e  T L I  maneuver a r e  f o r m u l a t e d  
i n t o  a se t  of c o n s t r a i n t s .  I n  t h e  p r e s e n t  c a s e  t hese  c o n s t r a i n t s  
are l i m i t e d  t o  t h e  n a v i g a t i o n  f u n c t i o n ;  m i s s i o n  r e q u i r e m e n t s  
f o r  v o i c e ,  t e l eme t ry  and command c o n t a c t s  are  n o t  c o n s i d e r e d  
e x c e p t  f o r  t h e  command c o n t a c t  needed t o  t r a n s f e r  a n a v i g a t i o n  
upda te  t o  t h e  s p a c e c r a f t  p r i o r  t o  t h e  T L I  maneuver.  

Lunar days  a re  numbered s t a r t i n g  from Sou the rn  L u n i s t i s .  

The amount o f  t r a c k i n g  data r e q u i r e d  and t h e  t i m e  

The c o n s t r a i n t s  p r o v i d e  t h e  f o l l o w i n g :  

a .  Es t ab l i shmen t  o f  a t i m e  band r e f e r e n c e d  t o  t h e  T L I  
maneuver when t h e  n a v i g a t i o n  upda te  w i l l  b e  t r a n s -  
m i t t e d  t o  the  s p a c e c r a f t .  The s t a r t  o f  t h e  t i m e  
band must b e  n e a r  enough t o  t h e  t i m e  o f  T L I  t o  estab- 
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b .  

C .  

f o r  t h i s  

a .  

b .  

C .  

b l i s h  a n  uppe r  l i m i t  on t h e  b u i l d  up of  e r r o r s  i n  t h e  
n a v i g a t i o n  u p d a t e  due t o  n e g l e c t  of t h e  e f f e c t  of o f f -  
nominal  v e n t i n g  when p r o p o g a t i n g  t h e  upda te  fo rward  t o  
t h e  t i m e  o f  T L I ;  t h e  end of t h e  t i m e  band must be 
s u f f i c i e n t l y  ahead of T L I  t o  e n s u r e  t r a n s f e r  of  t h e  
upda te  t o  t h e  C S M  and launch  v e h i c l e  I U  p r i o r  t o  
a t t i t u d e  maneuvers and o t h e r  a c t i v i t i e s  r e q u i r e d  
p r i o r  t o  t h e  T L I  maneuver. 

E s t a b l i s h m e n t  of  a t i m e  band from t h e  end of t h e  
t r a c k i n g  c o n t a c t  t o  p r o v i d e  t i m e  t o  t r a n s m i t  t h e  
t r a c k i n g  da ta  t o  MCC-H, t o  p r o c e s s  t h e  da t a  i n  an 
e d i t  and an  o r b i t  d e t e r m i n a t i o n  program, t o  v e r i f y  
t h e  r e s u l t s  and t o  r e l a y  t h e  n a v i g a t i o n  upda te  t o  
t h e  s e l e c t e d  command s t a t i o n  f o r  t r a n s m i s s i o n  t o  t h e  
s p a c e c r a f t .  

E s t a b l i s h m e n t  o f  a minimum amount of  t r a c k i n g  data 
r e q u i r e d  f o r  a n a v i g a t i o n  u p d a t e  and p r o v i d e  l i m i t s  
on when t h e  da ta  i s  r e c o r d e d .  

Fol lowing  these  g u i d e l i n e s  a s e t  o f  m i s s i o n  c o n s t r a i n t s  
a n a l y s i s  may be s t a t e d  as f o l l o w s :  

A t  l eas t  one f o u r  minute  c o n t a c t  above 5' e l e v a t i o n  
w i t h  a ground s t a t i o n  hav ing  command (and  v o i c e )  
c a p a b i l i t y  i s  r e q u i r e d  d u r i n g  t h e  one hour  p e r i o d  
beg inn ing  9 0  minutes  b e f o r e  and end ing  30 minu tes  
b e f o r e  t r a n s l u n a r  i n j e c t i o n  i g n i t i o n .  

The f i n a l  t r a c k i n g  c o n t a c t  u sed  i n  p r o c e s s i n g  a 
n a v i g a t i o n  upda te  s h a l l  be completed a t  l e a s t  1 0  
minutes  p r i o r  t o  t he  s ta r t  of t h e  command c o n t a c t  
r e q u i r e d  by  t h e  c o n s t r a i n t  i n  ( a )  above .  

A minimum of two t r a c k i n g  c o n t a c t s  of  f o u r  minu tes  
minimum d u r a t i o n  above 5' e l e v a t i o n  i s  r e q u i r e d  i n  
t h e  f i n a l  o r b i t  ending t e n  minu tes  p r i o r  t o  t h e  s t a r t  
of  t h e  command c o n t a c t  s p e c i f i e d  i n  ( a )  above.  

Based upon t h e  t r a c k i n g  data  and t h e  t i m e  of T L I ,  
a s e t  o f  one command and two t r a c k i n g  s t a t i o n s  s a t i s f y i n g  
t h e  assumed m i s s i o n  c o n s t r a i n t s  was s e l e c t e d  f o r  each  of t h e  
l a u n c h  azimuth - l u n a r  day  combina t ions .  These r e s u l t s  are 
p r e s e n t e d  i n  T a b l e s  I through I V  f o r  each  of  t h e  f o u r  i n j e c t i o n  
o p p o r t u n i t i e s  s t u d i e d .  Where a s e t  of s t a t i o n s  i s  n o t  p r e s e n t e d ,  
one or more of t h e  c o n s t r a i n t s  i s  v i o l a t e d .  I n  c e r t a i n  c a s e s ,  
however, where a f o u r  minute t r a c k i n g  a rc  i s  n o t  a v a i l a b l e ,  a 
s t a t i o n  p r o v i d i n g  a t h r e e  minute t r a c k  was s u b s t i t u t e d  and 
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t h i s  f a c t  n o t e d .  The C-Band t r a c k i n g  data from P r e t o r i a  was 
n o t  c o n s i d e r e d  when s e l e c t i n g  t r a c k i n g  s t a t i o n s  s i n c e  t h i s  
s t a t i o n  may n o t  b e  a v a i l a b l e  t o  s u p p o r t  a l u n a r  m i s s i o n ;  i n  
a d d i t i o n ,  radar data from t r a c k i n g  s h i p s  was n o t  c o n s i d e r e d .  
F u r t h e r ,  t h e  n a v i g a t i o n  update  might  be r e l a y e d  th rough  t h e  
t r a c k i n g  s h i p  deployed  t o  monitor  t h e  T L I  maneuver t o  s a t i s f y  
the  f i r s t  (command 2 o n t a c t )  c o n s t r a i n t  s i n c e  t h e  p e r i o d  o f  
the nominal p a r k i n g  o r b i t  i s  approx ima te ly  e ighty-e ight  min- 
u t e s ;  u s e  of t h e  t r a c k i n g  s h i p  f o r  t h i s  f u n c t i o n  was n o t  
c o n s i d e r e d  and a USB equipped s i t e  was g e n e r a l l y  a v a i l a b l e  
f o r  t h i s  f u n c t i o n .  The se t s  of  s t a t i o n s  p r e s e n t e d  i n  these 
t ab le s  s a t i s f y  t h e  c o n s t r a i n t s  b u t  may n o t  b e  t h e  s t a t i o n s  
employed t o  s u p p o r t  a s p e c i f i c  m i s s i o n .  

The d e c i s i o n  t o  employ a n  A t l a n t i c  o r  a P a c i f i c  T L I  
w i l l  b e  made p r i o r  t o  launch  o f  a l u n a r  m i s s i o n .  T a b l e s  
I and  I1 summarize t h e  c a p a b i l i t y  o f  t h e  MSFN t o  p r o v i d e  
n a v i g a t i o n  s u p p o r t  f o r  a n  A t l a n t i c  i n j e c t i o n  under  t h e  assumed 
c o n s t r a i n t s .  Of t h e  e i g h t y - e i g h t  l aunch  az imuth- lunar  day  
combina t ions  d i s p l a y e d  i n  Table I f o r  i n j e c t i o n  a t  t h e  second 
A t l a n t i c  o p p o r t u n i t y  on ly  s i x  combina t ions  s a t i s f y  t h e  con- 
s t r a i n t s .  An a d d i t i o n a l  s i x t e e n  l aunch  az imuth  - l u n a r  day  
combina t ions  would b e  a c c e p t a b l e  on the  basis  o f  a three min- 
u t e  i n s t e a d  o f  a f o u r  minute  t r a c k i n g  a r c  r e q u i r e m e n t .  A s  
i l l u s t r a t e d  i n  T a b l e  11, t h e  c o n s t r a i n t s  are s a t i s f i ed  f o r  
i n j e c t i o n  a t  t h e  t h i r d  A t l a n t i c  o p p o r t u n i t y  f o r  a l l  l aunch  
az imuths  from 7 6 O  t h rough  104O f o r  t h e  l u n a r  days s t u d i e d .  
I n  t h i s  c a s e ,  r e l a x a t i o n  o f  the  l e n g t h  o f  t he  t r a c k i n g  a r c  
r e q u i r e d  from f o u r  t o  three minutes  p e r m i t s  i n j e c t i o n  on l u n a r  
days  seven  th rough  t e n  f o r  a 72' l aunch  az imuth  and on l u n a r  
d a y s  f i v e  th rough  t e n  f o r  t h e  108O l aunch  az imuth .  

I n j e c t i o n  on t h e  second P a c i f i c  o p p o r t u n i t y  i s  
s u p p o r t e d  w i t h  n a v i g a t i o n  d a t a  f o r  a l l  t h e  l u n a r  days  s t u d i e d  
f o r  l a u n c h  az imuths  from 90' t h r o u g h  104O as i l l u s t r a t e d  i n  
Table 111. Reduct ion  of  t h e  l e n g t h  of  t h e  r e q u i r e d  t r a c k i n g  
a r c  from f o u r  t o  t h r e e  minutes  p e r m i t s  a d d i t i o n a l  s u p p o r t  
f o r  a l l  the l u n a r  days s t u d i e d  f o r  l aunch  az imuths  of  108" 
and 72O t h r o u g h  80". I n j e c t i o n  on t h e  second P a c i f i c  oppor- 
t u n i t y  does n o t  s a t i s f y  t h e  c o n s t r a i n t s  f o r  launch  az imuths  
of  8 4 O  and 8 8 O  e x c e p t  f o r  t h e  t h i r d  l u n a r  day .  

A s  shown i n  Tab le  I V ,  i n j e c t i o n  on t h e  t h i r d  
P a c i f i c  o p p o r t u n i t y  i s  al lowed f o r  a l l  l aunch  az imuth  - 
l u n a r  day combina t ions .  
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The greater  number o f  a c c e p t a b l e  s e t s  o f  l aunch  
az imuth  - l u n a r  day combina t ions  a v a i l a b l e  f o r  t r a n s l u n a r  
i n j e c t i o n  on the  t h i r d  o p p o r t u n i t y  as compared t o  t h e  second 
o p p o r t u n i t y  f o r  b o t h  A t l a n t i c  and P a c i f i c  i n j e c t i o n  p e r m i t s  
g rea te r  m i s s i o n  f l e x i b i l i t y .  C o n s i d e r a t i o n  s h o u l d  b e  g i v e n  
t o  r e d u c i n g  the  minimum l e n g t h  of  t r a c k i n g  a r c  r e q u i r e d  t o  
a l l o w  a grea te r  numbtr of  l aunch  az imuth  - l u n a r  day  combi- 
n a t i o n s  t o  b e  employed. For t he  data g e n e r a t e d  f o r  t h i s  
s t u d y  and p r e s e n t e d  i n  Appendix A ,  app rox ima te ly  62% of  t he  
t r a c k i n g  c o n t a c t s  were f o u r  minu tes  o r  l o n g e r  i n  d u r a t i o n ,  
approx ima te ly  22% were a t  l ea s t  t h r e e  minu tes  b u t  less  t h a n  
f o u r ,  and t h e  r ema in ing  1 6 %  o f  t h e  c o n t a c t s  were less  t h a n  
t h r e e  minu tes .  

IV . C O N C L U S I O N S  

C u r r e n t  m i s s i o n  p l a n s  do n o t  r e q u i r e  a n a v i g a t i o n  
u p d a t e  p r i o r  t o  i n j e c t i o n  a t  a second o p p o r t u n i t y  though the  
e x i s t e n c e  of n a v i g a t i o n  d a t a  may be c o n s i d e r e d  a p l u s  f a c t o r  
f o r  t h i s  c a s e .  However, a n a v i g a t i o n  u p d a t e  p r i o r  t o  i n j e c -  
t i o n  on a t h i r d  o p p o r t u n i t y  i s  r e q u i r e d  due t o  t h e  e f f e c t s  
o f  o f f -nomina lven t ing .  The data prepared f o r  t h i s  s t u d y  shows 
t h a t  f o r  l u n a r  days t h r e e  th rough  t e n ,  t he  c o n s t r a i n t s  s p e c i -  
f y i n g  the  a v a i l a b i l i t y  of n a v i g a t i o n  data  are s a t i s f i e d  f o r  
a l l  l aunch  az imuths  f o r  i n j e c t i o n  a t  a t h i r d  P a c i f i c  oppor- 
t u n i t y .  For i n j e c t i o n  a t  a t h i r d  A t l a n t i c  o p p o r t u n i t y ,  t h e  
n a v i g a t i o n  c o n s t r a i n t s  a r c  s a t i s f i e d  f o r  a l l  l aunch  az imuths  
e x c e p t  72' and 108~; a r e d u c t i o n  o f  t h e  r e q u i r e d  l e n g t h  of  
t h e  t r a c k i n g  a r c  from f o u r  t o  t h r e e  minu tes  p e r m i t s  l aunch  
az imuths  o f  72O and 108O t o  be  used  f o r  c e r t a i n  o f  t h e  l u n a r  
d a y s .  

For i n j e c t i o n  on t h e  second P a c i f i c  o p p o r t u n i t y ,  
t h e  n a v i g a t i o n  data  a v a i l a b l e  does n o t  s a t i s f y  t h e  c o n s t r a i n t s  
f o r  l aunch  az imuths  from 72' t h rough  8 8 O  and l aunch  azimuth 
108O e x c e p t  f o r  l u n a r  d a y  t h r e e  which has a c c e p t a b l e  l aunch  
az imuths  from 72O th rough  104O. Relax ing  t h e  minimum l e n g t h  
o f  t r a c k i n g  arc  from f o u r  t o  th ree  minu tes  s a l v a g e s  launch  
az imuths  from 72' t h rough  80° and the  108" l a u n c h  az imuth .  

I n j e c t i o n  on t h e  second A t l a n t i c  o p p o r t u n i t y  i s  
v e r y  p o o r l y  s u p p o r t e d  by n a v i g a t i o n  data.  O f  t h e  e i g h t y -  
e i g h t  l u n a r  day-launch azimuth combina t ions  s t u d i e d  only  
s i x  s a t i s f y  t h e  n a v i g a t i o n  c o n s t r a i n t s .  S i x t e e n  a d d i t i o n a l  
combina t ions  can  be al lowed i f  t h e  r e q u i r e d  t r a c k i n g  a r c  i s  
r educed  from f o u r  t o  t h r e e  minu tes .  
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A s  n o t e d  a b o v e , f o r  l u n a r  days t h ree  th rough  t e n ,  
n a v i g a t i o n  s u p p o r t  s a t i s f y i n g  the  c o n s t r a i n t  i s  p rov ided  
f o r  a l l  l aunch  az imuths  f o r  T L I  a t  t h e  t h i r d  P a c i f i c  oppor- 
t u n i t y  and f o r  a l l  l a u n c h  azimuths excep t  72" and 108" f o r  
T L I  a t  t h e  t h i r d  A t l a n t i c  o p p o r t u n i t y .  A s  a matter of i n t e r e s t  
t h e  n a v i g a t i o n  s u p p o r t  f o r  these c a s e s  f o r  l u n a r  days one 
and f o u r t e e n  was i n v e s t i g a t e d .  Again s a t i s f a c t o r y  n a v i g a t i o n  
s u p p o r t  was p r o v i d e d  f o r  a l l  l aunch  az imuths  f o r  b o t h  these 
days  f o r  a P a c i f i c  i n j e c t i o n  and f o r  a l l  az imuths  e x c e p t  72' 
and 108" f o r  an  A t l a n t i c  i n j e c t i o n .  

A minimum s e t  o f  mis s ion  c o n s t r a i n t s  needs  t o  b e  
adop ted  t o  a l l o w  a d e t e r m i n a t i o n  t o  be  made of  t he  c a p a b i l i t y  
of the  MSFN t o  p r o v i d e  adequa te  n a v i g a t i o n  s u p p o r t  i n  ear th  
p a r k i n g  o r b i t .  I n  t h e  e s t a b l i s h m e n t  o f  these c o n s t r a i n t s  
t h e  minimum amount of t r a c k i n g  data needed t o  y i e l d  adequa te  
n a v i g a t i o n  accu racy  s h o u l d  b e  de t e rmined  t o  p e r m i t  u s e  o f  
minimal  l e n g t h  t r a c k i n g  a r c ' s .  

The p r e s e n t a t i o n  o f  t r a c k i n g  data f o r  several 
o r b i t s  and numerous l aunch  azimuths and i n d i c a t i n g  t r a n s -  
l u n a r  i n j e c t i o n  times f o r  v a r i o u s  l u n a r  days  i n  a form s imi la r  
t o  F i g u r e s  1 2  and 13 appea r s  t o  b e  most e f f e c t i v e  f o r  m i s s i o n  
p l a n n i n g  pu rposes .  
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*EGL 

CNV 

GBI 

SSI 

*GTK 

BDA 

ANT 

CY1 

ASC 

*PRE 

CRO 

BRA 

GWM 

HAW 

CAL 

ODS 

GYM 

WHS 

Eglin 

Cape Kennedy 

Grand Bahama 

San Saivador 

Grand Turk I 

Bermuda 

Antigua 

Grand Canary 

Ascension 

Pretoria 

Carnarvon 

Canberra 

Guam 

Hawaii 

Pt Arquello 

Goldstone 

Guaymas 

White Sands 

A-1 

c-s 
Is. 

I 

I 

TEX Corpus Christi 

C 

C 

C 

c-s 
c-s 
c-s 
c-s 
C 

c-s 
S 

S 

c-s 
C 

S 

S 

S 

*May not be available 
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E a r t h  P a r k i n g  O r b i t  Coverage - 72’ Launch Azimuth 

T i m e s  
(minu tes  1 

Beginning o f  t r a c k i n g ,  counted  from EPaI 
Durat ion  of  t r a c k i n g  

88.3 181.5 
4.8 4.3 

S t a t i o n  

BDA 0 
. 2  

6.3 
4.7 

CY1 100.7 
1.5 

42.3 
2.8 

135.5 228 322.2 
3.5 4.8 2 

BRA 49.7 
3-2 

GYM 78.2 
4.7 

171 3 
4.5 

264.7 
4.2 

WHS 79.7 
4.2 

172.3 
4.7 

265 3 
4.7 

81 
4.7 

174.5 
4.2 

267 7 
4.5 

TEX 

EGL, 83.5 
4.7 

176.7 
4.7 

269 7 
4.7 

C NV 85 
4.3 

178.2 
4.5 

271.2 
4.7 

G B I  85.8 
3.7 

179 
4 

271 
4.7 

272.8 
4.7 

SSI 87.5 
2.2 

180.3 
3.3 

161 
2.8 

HAW 253 
4.7 

347.5 
2.2 

169.7 
4.2 

262.3 
4.7 

CAL 

170 5 
4.2 

263.2 
4.5 

181.8 
2.2 

273.8 
4.7 

GTK 
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Earth Parking Orbit Coverage - 7 2 O  Launch Azimuth (Cont.) 

Times Beginning of tracking, counted from EP@I 
Station (minutes) Duration of tracking 

ASC 

PRE 

ANT 

198.7 290.2 
1 . 7  4.5 

208.7 301.8 
4.5 4.3 

276 3 
4.8 

GWM 333 9 5 
3.5 
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E a r t h  P a r k i n g  O r b i t  Coverage - 76O Launch Azimuth 

Beginning o f  p a s s ,  counted  from EPgI 
Dura t ion  o f  p a s s  

T imes  
(minutes ) 

83.5  
4.8 

S t a t i o n  

EGL 176.7 270 
4.7 4 

85 
4.5 

CNV 178.2 271.5 
4.7 4 

GBI  85.7 
4 . 2  

178 .7  272 
4.7 4 . 2  

SSI  87 
3 . 3  

179 .8  273 
4.5 4 . 3  

GTK 89 181.2  273.8 
1 3 . 8  4.7 

BDA 88 .5  182 
4 . 5  3 . 3  

ANT 

C Y 1  

183 .8  276.5 
3 .5  4 .5  

6 . 5  
4 . 3  

ASC 197.5  290.7 
3.8 3.7 

PRE 208.7 301.8 
4 .5  4 .3  

CRPl 4 2 . 2  
3 .5  

135 2 228.2 
4 . 3  4 .5  

BRA 

GWM 

no t r a c k i n g  

333 
4 .3  

160.5 253 347.5 
3 .7  4.7 2 .5  

HAW 

C A L  169 7 262.3 
4 4 .5  
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E a r t h  P a r k i n g  O r b i t  Coverage - 76" Launch Azimuth ( C o n t . )  

T i m e s  
S t a t  i o n  ( m i n u t e s )  

PrDS 

GYM 7 8 . 2  
4 . 7  

W-I c 7 9 . 7  
4 . 2  

TEX 8 1  
4 . 7  

Beginning of  pass ,  counted  f rom EPgI 
Dura t ion  of pass 

1 7 0 . 5  2 6 3 . 3  
4 4 . 2  

1 7 1 . 3  2 6 4 . 5  
4 . 5  4 . 7  

1 7 2  
4 . 7  

1 7 4 . 5  
4 . 3  

265 3 
4 . 7  

2 6 7 . 5  
4 . 8  



. . 

BELLCOMM. INC.  A - 6  

E a r t h  P a r k i n g  O r b i t  Coverage - 80" Launch Azimuth 

S t a t i o n  

EGL 

CNV 

G E I  

SSI 

GTK 

BDA 

, A N T  

C Y 1  

ASC 

PRE 

C R@ 

T i m e s  
(minu t  e s ) 

83 .5  
4 .8  

85  
4.7 

85 .5  
4 .7  

8 6 . 8  
4 

7 
3 .2  

4 2  
4 . 2  

BRA no t r a c k i n g  

GWM 

HAW 

CAL 

Beginning of  p a s s ,  counted  from EP@I 
Durat ion  o f  p a s s  

88.2 
3 

1 7 6  7 
4 .7  

178 .2  
4.7 

270.7 
2 . 5  

272 .3  
2 . 2  

178 .7  272 7 
4 . 8  2 . 8  

179 .8  273.5 
4 .7  3 .3  

180 .8  274.3 
4 . 5  3 .7  

88.7 
4 . 2  

1 8 3 . 3  277 
4 .5  3 . 5  

197 .2  291 .5  
4.5 2 . 2  

116.8 
2 . 2  

135 
4 .7  

1 6 0  
4 .5  

169.7 
3.8 

208.5 301.8 
4 .8  4 .5  

228.7 
3 . 5  

332.7 
4 .8  

253 2 347.3 
4 .3  3 

262.5 
4 



BELLCOMM, INC. A-7 

E a r t h  P a r k i n g  O r b i t  Coverage - 800 Launch Azimuth (Contd . )  

T i m e s  
S t a t i o n  (minu tes  

aDs 79.2 
.8 

GYM 78.2 
4.7 

WHS 79.5 
4.3 

TEX 81.2 
4.7 

Beginning of  pass, counted  from EP@I  
Dura t ion  of  pass 

170 7 263.5 
3.7 3.5 

171 3 264.5 
4.7 4.8 

172 3 
4.7 

174 3 
4.7 

265.7 
4 

267.5 
4.7 
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E a r t h  P a r k i n g  O r b i t  Coverage - 84' Launch Azimuth 

Beginning of p a s s ,  counted  from EPgI 
Dura t ion  o f  p a s s  

T i m e s  
(minu tes  1 

83.5 
4.7 

S t a t i o n  

EGL 176 .8  
4 . 2  

85 
4.7 

CNV 178 .3  
4.2 

85 .5  
4.7 

178 .8  
4.5 

G B I  

86.7 
4 .5  

179 8 
4.7 

SSI 

87.8  
4 

180 .7  276 
4 .8  . 3  

GTK 

88.8 
3.5 

BDA 

9 0 . 8  183.3  
3 4.7 

ANT 

CY I 

ASC 

no t r a c k i n g  

197 
4 .8  

116 208.5 302 
3.7 4.8 4 .5  

PRE 

41.8 
4 . 5  

135 
4 . 7  

BRA 

GWM 

no t r a c k i n g  

240 .8  332.8 
2 .3  4.7 

159.8 253.3 347.3 
4 . 7  4 . 2  3 . 3  

HAW 

169.7 262.8 
3.7 3.2 

CAL 77.7 
2 

78 .5  
2 

170.7 263.8 
3.3 2 .5  

0DS 
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E a r t h  P a r k i n g  O r b i t  Coverage - 84" Launch Azimuth ( C o n t . )  

T i m e s  Beginning of  pass, counted  from E P g I  
S t a t i o n  ( m i n u t e s )  Dura t ion  of  p a s s  

GYM 78 171.3 264.5 
4.0 4.7 4.7 

WHS 79.5 172  5 
4 . 2  4 .3  

TEX 81.2 174 3 
4.7 4.8 

266 
3 

267.8 
4 
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E a r t h  P a r k i n g  O r b i t  Coverage - 88O Launch Azimuth 

T i m e s  Beginning o f  p a s s ,  counted  from EPDI 
S t a t i o n  (minu tes  1 Durat ion  o f  p a s s  

EGL 83 .5  
4.7 

177 2 
3 .3  

CNV 85 
4.7 

178 * 7 
3 . 3  

179 2 
3.7 

4 . 2  
180 

G B I  85 .5  
4 . 8  

SSI  86.5 
4 .8  

G T K  87.7 
4.5 

180.8 
4 .5  

BDA 89 .5  
2 

ANT 9 0 . 3  
4 . 2  

183  9 3 
4 .5  

C Y 1  no t r a c k i n g  

ASC 104 .5  
3 . 5  

197 3 
4 . 2  

PRE 115 .7  
4 . 2  

208.5 302 
4 .8  4 .5  

CRD 41 .8  
4.7 

135 2 
4 . 2  

BRA no t r a c k i n g  

GWM 239 8 333 2 
4 . 2  4 

HAW 67.7 
2 . 8  

159 .8  
4.7 

253.7 347 9 3 
3 . 8  3 . 5  

169 7 
3 .5  

C A L  77 .2  
2 .8  

263.2 
2 .3  

DDS 78 
2 . 7  

170 7 
3 .2  
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E a r t h  P a r k i n g  O r b i t  Coverage - 88O Launch Azimuth (Contd . )  

T i m e s  
S t a t i o n  ( m i n u t e s )  

GYM 78 
4.8 

WHS 79.3  
4 .3  

TEX 81.2 
4.7 

Beginning o f  pass,  counted from EP@I 
Dura t ion  of  pass 

171 .3  
4 . 8  

si”7 5 
4 

264.7 
4 . 3  

267 
. 8  

174.3 268.3 
4 . 7  2 . 8  
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E a r t h  Pa rk ing  O r b i t  Coverage - 90' Launch Azimuth 

T i m e s  Beginning of t r a c k i n g  counted  from E P g I  
S t a t i o n s  ( m i n u t e s )  Dura t ion  of T rack ing  

CR% 4 i . 7  135 3 
4 . 8  3 .8  

HAW 67.2 1 5 9  8 253.8 347 3 
3 . 8  4.7 3 .7  3 .7  

C A L  77 
3 

1 6 9  7 
3 . 5  

170.7 
3 

77.8 
2 .8  

%DS 

GYM 78 
4 . 8  

1 7 1  3 
4.7 

WHS 79 .3  1 7 2  5 
4 .3  3 . 8  

TEX 81.2 1 7 4  3 
4 .7  4 .7  

EGL 83.5 
4 .5  

C NV 85 
4 97 

263.5 
1 . 5  

264.8 
4 

177 5 
2 . 5  

179 
2 .5  

G B I  85 .5  179 3 
4.8 3.2 

SSI 86.5  
4.8 

GTK 87.7  
4.5 

ANT 

ASC 

PRE 

GWM 

180.2  
3 .7  

1 8 1  
4 

9 0 . 2  183 .7  
4.5 3 .8  

1 0 4 . 2  197 .7  
4 . 2  3 . 5  

269 
1 . 3  

115 5 208.7 302 
4 .5  4 .5  4 .5  

239 7 
4.5 333 3 

3 .7  
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E a r t h  P a r k i n g  O r b i t  Coverage - 92’ Launch Azimuth 

S t a t i o n  

EGL 

CNV 

G B I  

SSI 

GTK 

BDA 

ANT 

CY1 

ASC 

PRE 

CR@ 

BRA 

GWM 

HAW 

C A L  

@DS 

T i m e s  
( m i n u t e s )  

83 .7  
4 .3  

85 
4 .5  

85 .5  
4 .7  

86.5 
4 .8  

87 .5  
4 . 7  

no t r a c k i n g  

no t r a c k i n g  

2 4  
1 . 5  

41.7 
4 .8  

no t r a c k i n g  

67 
4 . 2  

76.7 
3 .5  

77 .7  
3 .2  

Beginning of p a s s ,  counted  from E P @ I  
Dura t ion  o f  p a s s  

178 
1 . 5  

179.7 
1 

179 8 
2 . 2  

180 .5  
2 .8  

1 8 1 . 3  
3 . 3  

90.2 183 .8  
4 . 5  3 . 3  

103 .8  198 .2  
4.7 2 .5  

115  3 208.7 302 
4 . 7  4 .5  4 . 7  

135.7 
3 

239.5 333.8 
4 .8  2.7 

160 253.8 347.3 
4.5 3 . 7  3 . 8  

1 6 9  5 
3.5 

170 7 
2.8 
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Ear th  P a r k i n g  O r b i t  Coverage - 92' Launch Azimuth ( C o n t . )  

T i m e s  Beginning of p a s s ,  counted  from EPQII 
S t a t i o n  ( m i n u t e s )  Dura t ion  of pass 

GYM 78.2 1 7 1  3 
4 .7  4 . 7  

WHS 79 .3  1 7 2 . 7  
4 . 3  3.7 

TEX 81 .2  174.5 
4 .7  4 . 3  

2 6 5  
3.5 
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E a r t h  P a r k i n g  O r b i t  Coverage - 96" Launch Azimuth 

T i m e s  Beginning of p a s s ,  counted  from E P % I  
( m i n u t e s )  Dura t ion  of  p a s s  

83.7 
4 . 2  

S t a t i o n  

EGL 

85 
4 . 3  

CNV 

GBI 85.5 
4.5 

86.5 
4 .7  

SSI  

87 .5  
4.8 

182 .8  
. 2  

GTK 

BDA 

ANT 

no t r a c k i n g  

0 9 0  
- 5  4.8 

no t r a c k i n g  C Y 1  

ASC 103.8 
4 . 7  

22.8 
3 . 7  

115 .3  208.7 302 
4 . 7  4.5 4 . 7  

PRE 

41.8 
4.7 

BRA 

GWM 

no t r a c k i n g  

147 .5  239 5 
2.5 4.7 

66 .7  160 .2  254.2 347.3 
4.7 4 . 2  3 .2  4 

HAW 

76.3 169 5 
3 .8  3.3 

C AL 

ODS 77 .3  170 7 
3 .5  2.7 



BELLCOMM. INC. A-16 

E a r t h  P a r k i n g  O r b i t  Coverage - 96" Launch Azimuth ( C o n t . )  

Beginning of p a s s ,  counted  from EPOI 
S t a t i o n  ( m i n u t e s )  Dura t ion  o f  p a s s  

GYM 78.2 171.3 
4.7 4.7 

WHS 79.2 172.7 
4.3 3.2 

265.5 
2.3 

TEX 81.2 174.5 
4.7 4.2 
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E a r t h  P a r k i n g  Orbit Coverage - 100' Launch Azimuth 

Times 
S t a t i o n s  ( m i n u t e s )  

EGL 83.7 
3 .8  

CNV 85.2 
3 .8  

G B I  85.7 
4 . 2  

SSI  86.7 
4 .3  

GTK 87 .5  
4.7 

BDA no t r a c k i n g  

ANT 0 
1 

C Y 1  no t r a c k i n g  

ASC 1 1 . 3  
3 . 5  

PRE 22.3 
4 .5  

CRQJ 41.8 
4 .5  

BRA no t r a c k i n g  

GWM 

HAW 66 .7  
4.7 

CAL 76.2 
4 . 2  

QJDS 77 
4 

Beginning of p a s s ,  counted  from EPIZII 
Dura t ion  of  p a s s  

9 0 . 2  
4 .5  

1 0 4 . 2  
4 

1 1 5 * 5  208.8 302 
4.5 4 .3  4 * 7  

146 .7  240 
4 . 2  3 .7  

160.7 254.7 347 .3  
3 . 3  2 .5  4 . 2  

169 3 
3 .3  

170 7 
2 . 3  
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E a r t h  Pa rk ing  O r b i t  Coverage - 100' Launch Azimuth ( c o n t . )  

T i m e s  Beginning o f  p a s s ,  counted  from EP@I 
S t a t i o n s  ( m i n u t e s )  Dura t ion  of p a s s  

GYM 78.2 1 7 1  3 
4 .7  4.5 

WHS 79.2 1 7 3  
4 .3  2 .3  

TEX 8 1 . 2  174.8 
4.7 3 .3  
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E a r t h  P a r k i n g  O r b i t  Coverage - 104" Launch Azimuth 

T i m e s  
S t a t i o n s  ( m i n u t e s )  

EGL 83.7 
3.7 

CNV 85.3 
3.3 

SBI 85.8 
3.7 

SSI 86.8 
3.8 

GTK 87.7 
4.2 

BDA no t r a c k i n g  

ANT 0 
1.3 

CY1 no t r a c k i n g  

ASC 1 0 . 7  
4.7 

PRE 2 2 . 2  
4.7 

BRA no t r a c k i n g  

GWM 

HAW 67 
4 

CAL 76 
4.3 

ODS 76.8 
4.2 

Beginning of  p a s s ,  counted from EP@I 
Durat ion  of  pass 

90.3 
4 

105.3 
1.5 

115 7 
4 

209.2 
4 

146.3 241.7 
4.8 .3 

302 
4.7 

161.8 255 347 2 
1.3 2 4.5 

169.3 
3.2 

170 7 
2 
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Earth P a r k i n g  O r b i t  Coverage - 104O Launch Azimuth (Con td . )  

T i m e s  Beginning of pass ,  counted  from EPgI 
S t a t i o n s  (minu tes )  Dura t ion  of pass 

GYM 7 8 . 2  171 3 
4.7 4.5 

WHS 7 9  1 7 3 . 3  
4.5 1 . 3  

TEX 81 .2  175.2 
4.7 2 . 3  



BELLCOMM. INC. A-21 

E a r t h  Pa rk ing  O r b i t  Coverage - 1080 Launch Azimuth 

T i m e s  Beginning o f  t r a c k i n g  counted  from E P g I  
( m i n u t e s )  Dura t ion  o f  t r a c k i n g  

0 90 .8  
1 . 5  2 - 7  

S t a t  i o n s  

ANT 

ASC 1 0 . 7  
4 . 7  

116.3 209.3 302 
3 3 . 7  4 . 7  

PRE 22.3 
4 . 3  

CR% 4 2 . 2  
3 . 5  

54 .8  
2 

146.5 
4.3 

GWM 

67 .8  
2 .3  

255.7 347.2 
4 .5  1 

HAW 

75.8 
4 .5  

169.2 
3.2 

C A L  

W S  76.7 
4 . 3  

170.7 
1 . 7  

GYM 78 .3  
4 .5  

171 .3  
4 . 2  

WHS 78 .8  
4.7 

81 .2  
4 .7  

TEX 

8 3 . 8  
3 

E G L  

CNV 85.5 
2 . 5  

86 
3 

G B I  

87 
3 .2  

SSI 

87 .8  
3 .5  

G T K  
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LUNAR DAYS 
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PL 
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NOTE: *DENOTES TRACKING PASSES GREATER THAN 3 MINUTES I N  LENGTH BUT 
LESS THAN 4 MINUTES. 

TABLE I 
COMMAND AND TRACKING STATIONS S A T I S F Y I N G  

M I S S  I ON CONSTRAINTS FOR TRANSLUNAR 
INJECT I ON ON SECOND ATLANT I C OPPORTUNITY 



v) 
W 
w oz 
W w a 
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I c =I 

N U 

I 
0 z 3 
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5 .  

THIRD ATLANTIC OPPORTUNITY 

LUNAR DAY 

I O 8  

IOU 

IO0 

96 

92 

90 

88 

84 

BO 

76 

72 

ASC-C 
USA-T 
HAW-T 

3 

ASC-C HAW-C HAW-C 
USA-T ASC-T ASC-T 
HAW-T ANT-T ANT-T 

ANT-C 
HAW-T 
CRO-T 

ASC-C 
USA-T 
HAW-T 

HAW-C 
ASC-T 
ANT-T 

ASC-C 
USA-T 
HAW-T 

GYM-C GYM-C 
HAW-T HAW-T 
ASC-T ASC-T 

ASC-C 
USA-T 
HAW-T 

ASC-C 
GYM-T 
CRO-T 

CRO-C 
USA-T 

CRO-C 
USA-T 

CRO-C 
USA-T 

CRO-C 
USA-T 

USA-T USA-T USA-T 
CRO-T' CRO-T* CRO-T* 

GWM-C GWM-C GWM-C GWM-C 
USA-T USA-T USA-T USA-T 
HAW-T HAW-T HAW-T HAW-T 

GWM-C GWM-C GWM-C GWM-C 
USA-T USA-T USA-T USA-T 
HAW-T HAW-T HAW-T HAW-T 

USA-T 

CRO-C CRO-C HAW-C HAW-C 
USA-T USA-T CRO-T CRO-T 

USA-T USA-T 

CRO-C HAW-C HAW-C HAW-C 
USA-T CRO-T CRO-T CRO-T 

BDA-T BOA-T BOA-T 

CRO-C CRO-C CRO-C CRO-C 
USA-T USA-T USA-T USA-T 

00s-C 
CRO-T* 
BOA-T 

GWM-C 
USA-T 
HAW-T 

GWM-C 
USA-T 
HAW-T 

HAW-C 
ASC-T 
USA-T 

NOTES: USA REFERS TO THOSE STATIONS PROVIDING TRACKING AND 
COMMUNICATIONS OVER AN0 CONTIGUOUS TO CONTINENTAL 
U N I T E 0  STATES: CAPE KENNEDY; BERMUDA; ANTIGUA; GRAND 
CANARY I SLANO; ASCENSION; GOLDSTONE; GUAYMAS; CORPUS 
CHRIST I. 

BUT LESS THAN U MINUTES. 
* DENOTES TRACKING PASSES GREATER THAN 3 MINUTES I N  LENGTH 

T A B L E I  I 

COMMAND AN0 TRACKING STATIONS S A T I S F Y I N G  
MISSION CONSTRAINTS FOR TRANSLUNAR 

INJECTION ON THIROATLANTICOPPORTUNITY 
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SECOND PAC I F  I C  OPPORTUNITY 

LUNAR DAYS 

NOTES: USA REFERS TO THOSE STATIONS PROVIDING TRACKING AND COMUNICATIONS 
OVER AND CONTIGUOUS TO CONTINENTAL UNITED STATES: 
BERMUDA: ANTIGUA: GRAND CANARY ISLAND: ASCENSION: GOLDSTONE: 
GUAYMAS: CORPUS CHR I S T  I. 

THAN 4 MINUTES. 

CAPE KENNEDY: 

* DENOTES TRACKING PASSES GREATER THAN 3 MINUTES I N  LENGTH BUT LESS 

T A B L E I  I I 

COMMAND AN0 TRACKING STATIONS SATISFYING 
MISSION CONSTRAINTS FOR TRANSLUNAR 
I NJECT I ON ON SECOND PAC I F I C OPPORTUN I T Y  



GYM-C 
GWM-T 
T E X - T  

GYM-C 
GWM-T 
ANT-T  

GYM-C 
GWM-T 
ASC-T  

GYM-C 
GWM-T 
T E X - T  

GYM-C 
GWM-T 
ANT-T  

GYM-C 
GWM-T 
ASC-T  

GYM-C 
GWM-T 
ANT-T  

GYM-C 
GWM-T 
ANT-T  

TEX-C 
HAW-T 
ASC-T  

TEX-C 
HAW-T 
ASC-T  

TEX-C 
HAW-T 
ASC-T  

TEX-C 
HAW-T 
ASC-T 

TEX-C 
HAW-T 
ASC-T  

TEX-C 
HAW-T 
ASC-T  

ASC-C 
GYM-T 
HAW-T 

TEX-C 
HAW-T 
ASC-T  

TEX-C 
HAW-T 
ASC-T  

ASC-C 
GYM-T 
HAW-T 

TEX-C 
HAW-T 
ASC-T  

TEX-C 
HAW-T 
ASC-T 

ASC-C 
CNV-T  
GYM-T 

ASC-C 
CNV-T  
GYM-T 

ASC-C 
CNV-T  
GYM-T 

CNV-C 
CRO-T 
BDA-T  

BOA-C 
CRO-T 
BDA-T  

ASC-C 
CNV-T 
GYM-T 

CNV-C 
CRO-T 
BOA-T 

BDA-C 
CRO-T 
BOA-T 

T H I R D  P A C I F I C  OPPORTUNITY 

LUNAR DAY 

6 1 7 1 8  9 I I O  5 

GYM-C 
GWM-T 
TEX-T 

GYM-C 
GWM-T 
T E X - T  

GYM-C 
GWM-T 
T E X - T  

GYM-C 
GWM-T 
T E X - T  

IO8 

IO9 
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92 
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88 

89 

80 

76 
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GYM-C 
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ANT-T 
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~~ 
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HAW-T HAW-T I- ASC-T ASC-T 
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ASC-T  

T E X - C  
HAW-T 
ASC-T 

TEX-C 
HAW-T 
ASC-T 

TEX-C 
HAW-T 
ASC-T 

TEX-C 
HAW-T 
ASC-T 

TEX-C 
HAW-T 
ASC-T 

TEX-C 
HAW-T 
ASC-T 

TEX-C 
HAW-T 
ASC-T  
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GYM-T 
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TEX-C 
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ASC-T  
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TEX-C 
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TEX-C 
HAW-T 
ASC-T  
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GYM-T 
HAW-T 

ASC-C ASC-C 
GYM-T GYM-T 
HAW-T HAW-T 

ASC-C ASC-C 
CNV-T CNV-T t GYM-T GYM-T 

ASC-C 
GYM-T 
HAW-T 

ASC-C 
CNV-T 
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ASC-C 
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ASC-C 
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CNV-C 
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CRO-T 
B D A - T  

ASC-C 
CNV-T 
GYM-T 

CNV-C 
CRO-T 
BDA-T 

BDA-C 
CRO-T 
BDA-T 

T A B L E 1  V 

COMMAND AND T R A C K I N G  S T A T I O N S  S A T I S F Y I N G  
M I S S I O N  C O N S T R A I N T S  FOR TRANSLUNAR 

I N J E C T I O N  ON T H I R D  P A C I F I C  O P P O R T U N I T Y  
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